Humoral Immune System
The Humoral Immune Response (HIR) is the aspect of immunity that is mediated by secreted antibodies (as opposed to cell-mediated immunity, which involves T lymphocytes) produced in the cells of the B lymphocyte lineage (B cell). B cells play a vital role in the immune response as they produce antibodies that recognize specific antigens that are foreign to the body and potentially pathogenic. In the absence of pathogens B lymphocytes do not secrete antibodies.
Resting cells have a small cytoplasm with scarce endoplasmic reticulum (ER) 1 cisternae. Upon encounter with antigens, B lymphocytes start to proliferate rapidly and differentiate primarily into Ig-secreting plasma cells that secrete specific antibodies against potentially pathogenic non-self antigens.
B cell signaling
The B-cell antigen receptor (BCR) is characterized by a complex hetero The Ig-a/Ig-~ heterodimer is an essential component of BCR (Kane et al., 2000; Kurosaki, 2000; Latour and Veillette, 2001; Moretta et al., 2001; Tamir and Cambier, 1998; Turner and Kinet, 1999) . A key feature of the cytoplasmic tail of both lga and lg~ is the presence of a structural motif termed immunoreceptor tyrosine based activation motif (ITAM) with a consensus sequence of ID /EX7D /EX2YX2L/IX7YX2L/I] ( Kane et al., 2000; Kurosaki, 2000; Moretta eta!., 2001; Tamir and Cambier, 1998; Turner and Kinet, 1999) ].
The IT AM tyro sines are phosphorylated upon receptor engagement by the Src-family protein tyrosine kinase,(Lyn) and the cytosolic protein tyrosine kinase spleen tyrosine kinase (Syk), generating binding sites for the tandem src homology 2 (SH2) domains of Syk itself (Chan et al., 1994; Chow and Veillette, 1995; Latour and Veillette, 2001) . Binding of Syk to the phosphorylated ITAM and its subsequent autophosphorylation and phosphorylation by Src kinases result in Syk activation. Activation of Syk is the key event which results in plethora of downstream signaling events i.e. Phosphorylation, protein recruitment, generation of secondary messengers, activation of cyclicGMP regulated pathways, gene activation. The SFTKs also get activated by recruitment to the receptor, although dephosphorylation by CD45 is likely to be the major mechanism of SFTK activation (Chan et al., 1994; Latour and Veillette, 2001; van Oers and Weiss, 1995) . Once activated, the SFTKs and Syk initiate distinct and inter-related signaling pathways. SFTKs are required for the activation of NF:v-B and serve to phosphorylate additional important signaling substrates such as CD22 and BAM32. Syk phosphorylates BLNK (also through a unique phosphorylated non-ITAM tyrosine in the Iget cytosolic tail (Clark et al., 1994) . BLNK coordinates the assembly and activation of a receptor-retained signalsome containing PLCy2, Vav, Btk, Nck, and Grb2 (Kurosaki and Tsukada, 2000) .
The signals are transmitted through the action of kinases which passes the signal by phopshorylating the downstream effector proteins. And these activated molecules are brought to their normal basal level by the action of phosphatases.
Understanding the mechanisms that allow intracellular signals to be relayed from the cell membrane to specific intracellular targets still remains a daunting challenge. Many protein kinases and protein phosphatases have relatively broad substrate specificities and may be used in varying combinations to achieve distinct biological responses. Thus, mechanisms must exist to organize the correct repertoires of enzymes into individual signaling pathways. Between these two, there is another set of proteins that are called adaptors which, by definition, lack both enzymatic and transcriptional activities but control lymphocyte activation by mediating constitutive or inducible protein-protein or protein-lipid interactions via modular interaction domain.
Role of adaptors/scaffolds in immune cell signaling
Extracellular signals are relayed by receptors to the interior of the cell and then translated by transducers into intracellular signals that diverge and are amplified by signal regulators, received by effector proteins, and finally erased by signal terminators. These adaptor/ scaffold proteins couple the BCR to transducer elements, initiating the signaling cascade from the receptor.
Scaffold proteins play an important role in bringing several signaling elements together in one preformed protein complex, thereby ensuring the specificity and the speed with which a signal can travel down such a preorganized response pathway. The deletion of a scaffold protein compromises (increases or decreases) the efficiency of signaling through a particular response pathway. The co-ordinate interaction between adaptor and effector molecules is required for the propagation and dynamic modification of externally applied signals. Adapter molecules are multidomain proteins lacking intrinsic catalytic activity, functioning instead by nucleating molecular complexes during signal transduction.
These scaffolds can function in at least four ways by acting as platforms on which signaling molecules can assemble, by localizing signaling molecules at specific sites in a cell, by coordinating positive and negative feedback signals to modify the signaling pathways and by protecting activated signaling molecules from inactivation. These functions of scaffold proteins can provide additional complexity to the signaling cascade and create signaling thresholds or regulate complex signaling behaviors, such as graded or digital signaling, transient or sustained signaling, and oscillatory signaling.
Domains and motifs present in adaptors
The major domains of lymphocyte adapters are Src homology 2 and 3 (SH2 and SH3), phosphotyrosine-binding (PTB) and pleckstrin homology (PH).
These are 40-150 amino acid modular structures containing a ligand-binding recognition pocket that, in the case of SH2, SH3 and PTB domains recognize a specific 3-6 amino acid sequence motif.
SH2 domains are phosphotyrosine-binding modules that generally recognize p Y xxy motifs (where p Y represents phosphotyrosine and y represents any hydrophobic amino acid). SH3 domains interact with proline containing peptides that often conform to R/KxxPxxP (class I) or PxxPxR/K (class II) motifs. PTB domains recognize NPxY sequences in which the tyrosine is not necessarily phosphorylated. PH domains share a similar fold to the PTB domain but bind to phosphatidylinositol phosphates (PIPs) and play a role in membrane targeting. Two domain types that have not been found in the adapters of antigen receptor signaling pathways are WW domains, which recognize proline-rich ligands (the name 'WW' refers to two conserved tryptophan residues that are spaced 20-22 amino acids apart), and PDZ domains, which generally recognize carboxy-terminal motifs (the name 'PDZ'domain is derived from the PDZ domain containing proteins PSD-95, Dlg and Z01). PDZ domains are present in adapters that localize signaling complexes at specialized regions of cell-cell contact, such as the neuronal synapse. PDZ adapters may potentially play an analogous role in lymphocytes, in which the stable cell-cell contact observed upon TCR binding to major histocompatibility complex (MHC)-peptide has been termed the 'immunological synapse. 
Adaptors of B lymphocytes

Adaptor in MAPK signaling
The 
Kinase suppressor of Ras (KSR)
Kinase suppressor of Ras (KSR) was originally isolated from a genetic screen as a positive regulator of MAPK signaling (Kornfeld et al., 1995) . Although not present in 
Protein scaffolds in MAPK specificity
Despite progress in our understanding of MAPK signaling, one question that remains still to be explored is how a particular stimulus elicits the correct response. This concept is bolstered by the observation that over expression in PC12 cells of B-KSR, a neuronal-specific isoform of KSR, switches EGF signaling from a proliferative signal to a differentiation signal (J\1uller et al., 2000) . Phosphorylation of ERI<. induces dimerisation and this process has been proposed to effect ERK activity (Philipova and \X!hitaker, 2005) . Recent evidence reveals that KSR1 is required for ERK dimerisation (Casar et al., 2008) . Following EGF activation, KSR1 acts as a platform for the formation of ERK dimers (Casar et al., 2008) . Importantly, these dimers specifically phosphorylate cytosolic substrates, while ERK monomers, which
are not bound to KSR 1, are translocated into the nucleus to catalyze phosphorylation of nuclear substrates (Casar et al., 2008) . Consequently, by regulating dimerisation of ERK, KSR 1 can control whether cytosolic or nuclear substrates are activated by MAPKs. Interestingly, over expression of B-KSR also causes a sustained increase in ERK activation fo!Jowing EGF treatment resulting in differentiation (Muller et al., 2000).
Scaffolds in temporal regulation of MAPK
As described above, PC12 cells usually differentiate or proliferate in response to NGF or EGF, respectively, and these differences are due to the duration of ERK activation (Marshall, 1995) . Therefore, it appears B-KSR can alter the time course of :NlAPK signaling in response to growth factors, and as a consequence, alter the cellular outcome to these growth factors.
Graded and threshold signaling
A recent characteristic that has been applied to MAPK signaling is that of graded or "all or nothing" signaling. For example, following activation some MAPK pathways reach a critical level of signal strength and behave in a switch-like manner. Therefore individual cells within a population will be either "on" or "off' with respect to the particular outcome (Takahashi and Pryciak, 2008 SteS interacts with multiple kinases, recruiting them to the plasma membrane. When
SteS is restricted to the cytosol, the activated kinases are inefficient in signal propagation, and so a strong signal is required in order to produce any significant output (Takahashi and Pryciak, 2008 This work has been regarded as a major milestone in using mass spectrometry for proteomics application.
Role of mass spectrometry in proteomic research
In general, the mass resolution and accuracy of a MALDI-TOF mass spectrometer is not high enough to give a non-ambiguous identification of a peptide with a high confidence. In addition, some amino acid residues have a very similar or even an identical molecular weight. For example, the masses of both isoleucine and leucine are 113.16 Daltons (Da) since they are isomers. The chemical masses of glutamine and lysine are 128.131 and 128.17 4 Da, respectively. The difference between these two amino acids is within 0.04 Da. Therefore, it is desirable to have an alternative approach to get higher confidence on peptide sequencing information than the measurement of the masses of peptides only.
Low energy dissociation methods for peptide fragmentation
Collision-induced dissociation (CID) was introduced in 1968 to obtain structure information with a tandem mass spectrometer. The first mass analyzer is used to determine the mass spectrum of the sample and the second mass spectrum (MS 2 ) is used to determine the structure of selected peaks from the first mass spectrum by a collision process with selected gas molecules. Sometimes, higher orders of mass spectra (MSn) due to CID can be obtained to get more information on the identification of biomolecular structures. After the publication of the proteomic paper by Henzel et a!. CID was quickly adopted by proteomic community to give more reliable determination of sequences of peptides which can be subsequently used for more accurate protein determination. In addition to CID, electron capture dissociation (ECD), infraredmultiphoton dissociation (IRMPD), Electron transfer dissociation (ETD)were also developed to help on sequence determination during the past decade. Some mass spectrometers such as ion trap mass spectrometer and
Fourier-transform ion cyclotron mass spectrometer (FTICR-MS) can have the same device to serve as first and higher order mass spectrometer.
In proteomics, the determination of the entire amino acid sequencing of a protein is basically done through two types of approaches. One is to sequence a few peptide fragments and match these sequences with a protein derived from genome sequencing information or previous mass spectra libraries. Up to now, most complete proteomics studies have been in this category. The other approach is de novo sequenctng which is needed when neither genom1c sequenctng information nor sufficient mass spectrum data available. Nevertheless, correct identification of the entire sequencing from de novo sequencing of peptide is still a big challenge since peptide-fragmentation data might not contain sufficient information to unambiguously derive the complete amino acid sequence. Up to now, the effort on de novo sequencing is still a small percentage of total proteomics research.
Strategies for mass spectrometry based proteomics
Currently, there are two fundamental strategies for proteomics study. One is bottom-up and the other is top-down.
(A) Bottom-up approach:
In bottom-up approach, purified proteins or complex protein mixtures are subjected to chemical or enzymatic cleavage and the peptide products are usually separated by chromatography followed with mass spectrometry analysis .
(B) Top-down approach:
In top-down proteomics, intact protein ions or large protein fragments are subjected With rapid progress in mass spectrometry technology development and bioinformatics during the past few years, proteomics study to identify various proteins in proteomic samples is still expected to progress as a routine highthroughput exercise in the near future. Moreover, quantitative determination of each individual protein still needs more effort. Furthermore, the extension of dynamic range to measure ultra-low quantity of proteins inside of a proteomic sample is still in high demand and deserves special attention.
Mass spectrometry based techniques for biomolecule detection
Mass spectrometry developers have tried to put major effort in developing mass spectrometer for biomolecule detection for many decades but did not have very much success until the successful development of MALDI and ESI. Nowadays, MALDI and ESI still stay as two key methods for protein and peptide analysis.
Matrix-assisted laser desorption/ionization (MALDI)
In 1988, Hillenkamp, Karas and co-workers (Karas and Kruger, 2003) discovered that large protein molecular ions can be produced by laser desorption without much fragmentation when these biomolecules are mixed with small organic compounds that serve as matrix for strong absorption of a laser beam. MALDI desorption mechanism has been considered as large biomolecules are carried out into space by many small matrix molecules which get vaporized due to the absorption of laser photons. The major advantages of MALDI-TOF include:
(1) Fast analysis speed: some commercial MALDI-TOF-MS can finish 100 samples in less than 1 0 min.
(2) No mass range limitation: It can measure from short peptides to a very large antibody (> 100,000 Da). (Wei et al., 1999) and direct ionization on metal (DIOM) have been developed to reduce this concern. In these approaches, biomolecules are placed on surfaces with porous structures or sharp metal needles to achieve ionization without the need of matrices. It is still the primary tool for imaging of large biomolecules (Caldwell and Caprioli, 2005; Chaurand et al., 2006; Reyzer and Caprioli, 2007) without the need of labeling.
Electrospray ionization
ESI was developed by Fenn and co-workers (Wong et al., 2008) . ESI has been very broadly used in proteomics and other applications which need the determination of the mass of selected biomolecules. In electrospray ionization, a liquid is pushed through a very small capillary applied with a high voltage between the tip and an extraction plate. A schematic of a typical electrospray ionization ion trap mass spectrometer is shown below in Fig. 2 . This liquid contains the analyte biomolecules dissolved in a selected solvent. Volatile acids, bases or buffers are often added to the solution. The liquid pushes itself out of the capillary by the strong electric field and forms an aerosol with a mist of small droplets. An uncharged carrier gas such as rare gas or nitrogen is sometimes used to help nebulize the liquid and to help producing the solvent droplets. As the solvent evaporates, the biomolecular ions can be produced for mass spectrometric analysis. 
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Fig. 2: Experimental schematic of electrospray ionization (ESI) ion trap mass spectrometry (Co urresv : Applied Biosvsrems ESI ion rrap mass specrromerer)
In electrospray processes, biomolecular ions observed are quasi-molecular wns created by protonation or deprotonation. For some biomolecules such as polysaccharides, they tend to form a complex with an addition of an alkali ion. The major disadvantages are
(1) Complex spectra due to peaks from multiple charged ions.
(2) Large sample quantity: this disadvantage more or less disappears after the introduction of nanospray (Chatman et al., 1999) .
However, ESI cannot be used for molecular imaging.
Quantitative proteomics
Up to now, the bottom-up approach has been proved quite efficient in achieving protein ID. However, it is equally important if not more so in term of quantitative measurements for different proteins in a sample. There are two different approaches tn term of quantitative proteomtcs. One relies on the labeling methodology. The other is strictly based on mass spectra without labeling.
Label-free approach
All proteomic researchers definitely prefer label-free approach for quantitative proteomics if it is reliable and trustful. Nevertheless, the entire process for proteomic analysis is quite complex. It is very difficult to assure quality control on every purification and analytical step in different laboratories. Indeed, it is not even easy to assure data quality from the same laboratory. For example, sample collection may be a big concern. It is known that degradation of proteins/peptides can occur without precaution. Ionization efficiency for a selected protein under a different environment can be quite different in both MALDI and ESI ionization processes. It is well known ionization is a strong function of acidity in the sample. When HPLC-MS on-line analysis is used, the quantity of proteins/peptides to be analyzed can be a strong function on the time protein/peptide is eluted for MS analysis. For example, a mass spectrum obtained at the peak of HPLC can be significantly higher than the mass spectrum near the bottom of a HPLC peak. All these complications are very difficult to be totally eliminated.
For label-free, LC-MS experiments to achieve quantitative determination, peptide ion intensity counting and spectral counting have been used extensively. For peptide ion counting, the peak height or the area of a peak at a selected mass-to-charge rauo 1s obtained by counung the number of ions. Some commercial instruments such as Thermo's LTQ-FT-ICR are set for doing spectra counting.
Labeling approach
Four major methods are briefly introduced in the follows. They include: (1) isotopic coded affinity tag (ICAT), (2) isobaric tags for relative and absolute quantitation (iTRAQ), (3) stable 1sotope labeling with amino acid in cell culture (SILAC) and (4) Hz0 1 8labeling. 
I
Stable isotope labels are incorporated at various stages through the different experimental workflows, allowing protein populations to be mixed (denoted by horizontal lines between boxes). Newer methods allow multiplexing of samples, which is advantageous for comparing up to fou r sample states (iTRAQ) or three states (triple encoding SILAC) in a single MS analysis. Chemical modification methods label extracted proteins or peptides, and despite taking care to process samples in parallel, losses occurring during any handling steps cannot be accounted for (dotted boxes). This is a potential source of quantitative error. In metabolic labeling, samples can be mixed as intact cells and processed together throughout the sample processing workflow. Therefore, sample losses at a particular step do not affect quantitative accuracy.
Stable isotope labeling with amino acid in cell culture(SILAC)
SILAC was developed by Mann and co-workers to detect proteomic differences between two cell samples (Ong and Mann, 2007) . One of the cultured cell populations is fed with normal amino acids. In contrast, second cell population is fed with amino acids labeled with stable (non-radioactive) isotopes. For example, the medium can contain arginine labeled with six nC instead of the normal 12C. During the cell growing period, they incorporate the arginine into all of their proteins.
Therefore, all heavy arginine-containing peptides are heavier than their normal counterparts by 6 Da. The proteins from both cell populations can be combined and analyzed together by mass spectrometry. Pairs of chemically identical peptides of different stable isotope composition can be clearly distinguished due to their mass difference. There must be difference of at least 4Da between two differently isotopically labeled amino acids. The ratio of peak intensities for such peptide pairs can accurately reflect the population ratio for the two proteins. Presently, SILAC has become a powerful tool to study cell signaling (Ong et al., 2002; Ong et al., 2003; Ong and Mann, 2006; Ong and Mann, 2007) . It is clear that cell culture is needed for SILAC. The disadvantages for SILAC include: (1) the culture process is time consuming, (2) some samples cannot be obtained through culture processes and (3) some cell types cannot accommodate certain amino acids. However, this technique worked fine with our system. (Ong et al., 2002) . Their relative intensities can be directly visualized.
Deuterated peptides shift slightly from their non-deuterated counterparts (Zhang and Regnier, 2002) . However, this problem can be corrected if quantitation is based on the entire elution profiles of HPLC instead of on a few single observations.
Generally, there are three ways to label proteins or peptides with stable isotopes (Figure 3 ). Metabolic labeling supplies stable isotopes during the growth and development of cells (Bantscheff et al., 2007; Ong and Mann, 2005) and organisms (Krijgsveld et al., 2003; Oda et al., 1999) . Chemical labeling modifies certain amino acid side chains with natural or isotope-labeled reagents (Gygi et al., 1999; Ross et al., 2004) . Enzymatic labeling uses trypsin or Glu-C catalyzed incorporation of 180 during protein digestion (Reynolds et al., 2002; Yao et al., 2001 ) . To distinguish the labeled and non-labeled forms of peptides by MS, it is recommended to generate a minimum of 4 Da difference in the peptide pairs.
Posttranslational modification study: Phosphoproteomics
Since its first characterization on glycogen phosphorylase in 1955, protein phosphorylation has been recognized as a central mechanism for cell regulation and signaling. It is estimated that one-third of eukaryotic proteins are phosphorylated, a result of carefully regulated protein kinase and phosphatase activities (Cohen, 2002) .
Protein phosphorylation events are detected by increase in amino-acid residue mass of +SODa, which reports the addition of HP03. Sites of phosphorylation can be identified from mass shifts in fragment ions generated by gas-phase fragmentation (MS/MS) of phosphopeptides.
PTM ion signatures can be monitored using MS or MS/MS scanning methods tailored to specific gas-phase reactivities. , 1996) .
There is also an increasing need for improved technologies that enable quick and routine assay of known PTM chemistries. New mass spectrometry technology development would play the most critical role. Novel approaches to achieve better ionization, better resolution, better dynamic range than present MALDI and ESI deserve a great effort in mass spectrometry community. Interdisciplinary collaboration is definitely needed for next quantum leap in biomics.
Strong Cation Exchange (SCX)
To enrich the low abundant phosphorylated proteins or peptides, various methods have been developed (Beausoleil et al., 2004) . sex is a low resolution but robust enrichment method. The principle of using sex in phosphopeptide analysis is based on reduced positive charges on the phosphorylated peptides. Most tryptic peptides carry one positive charge at each peptide terminus at pH 2.7, as specified in the sex buffer (NH4 + from the N-terminal amino group and the positively charged side chain of trypsin and lysine). The negatively charged phosphate group can counter the positive charges, effectively reducing the charge state by one, and therefore decrease the binding to the sex column. Generally multiply phosphorylated peptides bind to the column with minimum affinity, while non-phosphorylated peptides bind to the column strongly. However, acidic amino acids (glutamic acid and aspartic acid) can interfere with this strategy. Gygi and coworkers demonstrated large scale identification of 2001 phosphopeptides using sex fractionation (Ballif et al., 2004) .
Methods and tools for data integration and visualization
Mass spectrometry -based proteomic surveys and other high-throughput approaches (ranging from genomics to combinatorial chemistry) are becoming increasingly important in biology and chemistry. As a result, we need to develop our ability to "see" the information in the massive tables of quantitative measurements that these approaches produce. A system of cluster analysis (a form of hierarchical Clustering)
for proteome-wide expression data from high throughput peptide mass fingerprinting uses standard statistical algorithms to arrange proteins according to similarity in pattern of expression.
The rapid increase in experimentally identified binary interactions between proteins has brought us to a stage where we are now able to start viewing how these 
